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ABSTRACT

This paper reports an analysis of polarimetric hyperspectral imagery of an outdoo r scene containing a
number of inactive mines. The imagery was taken with a visible/nca r-infrarcd acousto-optic tunable
filter prototype system. The result has illustrated that the characteristics of mine smooth surfaces can
crcate high signals in polari zation difference images and consequently provide a quick and reliable
approach for detect ion,

1. INTRODUCTION

Polarimetric hyperspectralimaging (PH 1) is an effect ive remote sensing technique, because it takes
imagery of a scene as afunction of wavelength and polarization. This side-hy- side comparison of the
spectral and polarization signatures in the image format is aﬁmwm fulway to detect targets in cluttered
cnvironments.

Usingavisible/ncar-infrared acousto-optic t unable filter (AOTEF) P11 protot ype system operating ina
wavelength range of ().48-().75 microns', we did anumber of outdoor field experiments to evaluate the
technology capability in remote sensing for observations of natural and man-made objects.” The
cxperiments have illustrated that the system can classify andinap natural and resource Objects, suchas
those related to vegetation, minerals, and atmosphere. Furthermore, the system can provide an excellent
target discrimination capability so that it can remotely detect targets of interest in a camouflaged or
cluttered environment.

This paper reports results from an analysis of a set of AOTI-PH 1 observation data with the objective to
detect inactive mmc§1nd cluttered environment. The results illustrate a potential quick and reliable
approach to dclccl mihes. Theobscrvat ion experi ment condition and some data were reported

previously?, y A
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Mines and m{mc like targets arc commonly small-size objects in the dimension of 30-40 cm. W}lCll t hey
are placed in,outdoor environment, light scattering and reflection propertics Of the suuoundmg will
affect obscrvable spectra of the target.  This is due to; lhdl the mecasured spectrum of the targetis a
weighted sum of Itc(ownspccuum and those of the surrounding objects. T'his phenomenon is known as
spectral mixingy {atiwas discussed previously." The problem is expected to become more scrious for
smaller targets, cspccm]ly for those partiall y buricd in the surounding;



Polarization is a complicated observable parameter because o f two physical phenomena. The first is that
the incident sunlight onto the scene is usually polarized due to sun ]]ghl scattering at molecules and
acrosols in the atmosphere, Thesccondis'that the scattering and reflection of incident light at the target
surface d& often alter light polarization, b cuse the surfaces are generally made of dielectric materials.
The polarization change depends not only on/mmdcnl angle of the light upon the surface, but also on
surface material, surface gcomet ry, and sfirface textures, C onscquently, the combination of polarization
and spectral mcasummc‘))lx in image format can provide nceded discrimination capabilitics for target
detection, even in the ‘condition that spectral mixing in the observation 1s substantial. The main
distinguishing fcature is due to the fact that the mine has smooth painted surfaces whose reflection
propertics are significantly different from those of natural objects, such as grass and leaves, and other
man-made objects, such as cement blocks anti plastic objects. This difference provides distinguishable
polarization spectral sighatures.

2. OBSERVATION CONDITION

Figure 1 gives a grayscale image of an iceplant ficld scene with a group of targets of intc.rest whose
locations were indicated in a sketch at the right. The targets included seven inactive mines: onc green
square plastic (D), two green round metatlic (A and C), two d ark green round metallic (G and H), and /¢«
dark brownroundmetallic (1 and J). Some mines were place.(1 on the top of the iccplantand some were
pushed into the iceplant ficld so that only a portion of the target was visible. in addition, there, were two
partially observable cement blocks (B and E) , and one buried white plastic pipe with onc fool/\]cnglh

being obscrvable (1 ¢). The iceplant ficld was a mixture of healthy and dead iceplants with uneven
distribution. 1N addition, portions of healthy iccplants were in blossom with orange flowers. 1'his

arrangement did provide an interesting challenge for testing thic system.

}L he right upper comer of the scene weye a pile of metallic sheets and parts whose images were removed
during the data analysis so that we Gan obtain a better dynamic range in the area of interest. T'wo 1lalon
plates (K and 1.) of Lambertian surface reflectance over the instrument wavelength range were also
placed in the scene for intensity normalization among different wavelengths.

The P] 11 system was on the top of asmall hill and looked at tile areawith a downward angle of about 30
dcgnccsand dircctedat 210 degrees SOL](11. The observation was carricd out a the noon. The iceplant
ficld was 10( ated about 40 metefaway from the system and on a small platcau of the hill. The weather
was sunny withtypicall.os Angles basin smog in Junc.

3.SPECTRALIMAGES WIT]] TW() DIFFERENT POLARIZATION 1)1 RECTIONS

Figures 2 and 3 give two sets of six spectral images with Hand V polarizations, respectively, which
illustrate, several interesting observations; as the follow: *

L/l Ll e t.».f“/f]
.1[ is well-known that the green vegetation in the near infrarced range, such as 0.75 micron, is highly
reflective, because the wavelength is beyond that of the chlorophyll absorption red edge. 1 lowever, the
reflectivity often varies with vegetation type.  In the images of 0.75 microns, all bright areas were green
plants, such as iceplants and some unknown green groun(i-cover plants, 111 theupper pall of,;iliizigcs,
there was adark ci rcular dotsurrounded by avery bright area, The dark dotwasa green round metal i ic
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mine (A), surrounded by a mipr of iceplants and unknown green ground-cover plants. The latter has

high rcﬂccl}'yily in the ncar infrared range. Another ming,C,also appeared as a dark spot surrounded
with hcalll} iceplants, Aclually,dll mines appecarced to be darkerinthe image related to iceplants,
because none Of these mm? ‘had good camouflage paints that could mimic vegetation spectra weyj il the
near, 1nf| ared range.

2. We have observed that the targets in the images of 'V polarization were more bri ghter than those in
the images of H polarization. This observation illustrated the existence of polarization dependence. For
example, cach of the green round metallic mines (A and C) appcarcd to have avery bright spot in the' all
visible wavelengths at 'V polarizat ion, whereas the same mine had only a moderate reflect ion signal at1 ]
polarization. The bright dot appcarance of mines (A and C) was duc to dircct plane reflection at the
minc surfaces.  Similarly, the green square pIaStiC mine (D) was aiso brighter in the V polarization.
This polarization dlff(‘lCll(‘(‘ is an important phﬂnomcnon that will be used to distinguish mines from
other objeccts (10 be discussed in the next section).

3. Wenoted that the intensities of the images for V polarization were always higher than those for 1
polarization, indicating that the incident light was paitially polarized favorably toward the V
polarization.

4. The iceplantflowers showed up as weak bright spots in spectra] images of both polarizations at 0.55,
0.58, and 0.63 microns. The blossoming iceplants were mainly located in lilt areas of lower rightand
upper left parts Of the scenc.

5. Cement blocks and white plastic pipe were bright objects in both Hand V polarizations in the visible
wavcelengths.

i’ PITAIRN
6.1n the near mfuucdnnagc there was an irrcgular’ shdpé dar k arcabetween mines Cand G, that is duc
to dead 1ccplanls because dead vegetation was relatively absorptive in the ncar infrared. However, it
became brighter objects at red wavelength range, whereas Jive iceplants were very absorptive duc t6” «
chlorophyll.

‘
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7. We noted that the Halon plate (K) in the image of (.75 micron was not bright as some vegetation,
illustrating thcangular dependence Of the Lambertian surface reflection.” 1 lowever, the plate was the
brightest objectin the imagesof all other wavelengths.

4.1'01 ARIZATION DIFFERENCE IMAGES AT DIFFERENT WA VELENGTHS

Figure3isa set of six polarization difference images formed from the spectral images of Figures land 2
using the formula of polarization difference AP=(1_-1)/(d, + 1)), where 1 and 1, arc intensities of
verticatly and horizontally polarized light at cach pixel. The significant observation from these
polarization differcnce images is that all the'seven mines appeared to be. bright spots in the green
wavelength range, whereas the white plastic pipe and the cement blocks became dark and difficult to be
observed. This observation has illustrated the advantage of using P]] i to detect targets of interestin a
cluttered environment.  The observation can be attributed 1o the fact that t] 1 mines have smooth painted
Sill’faces.




cholgd that the ccment block, 1 i, had a bright spot its upperright corner at the wavelengths of 0.58,
0. (ﬂ/() 69 microns, presumably due to direet plane reflection. Also, we noted that the upperrightedge
of the plastic mine, DD, had a similar bright line. Both bright 1 cflection features disappeared in the
polarization difference images at 0.52 and 0.55 microns. This disappcarance was presumably ducto
spectraldependence of the planc reflection at the corner of the cement block and the edge of the plastic
mine. 1lowever, wc do not understand the phenomenon at this moment.

The spectra) nnagcs in Figures 2 apd 3 have shown that man-made objects, including white plast ic pipe,
cement blocks, -as well‘as some ofgmncs had higher light reficction signals and appeared to be bright
0b|0c? but not al mines had the same reflection signals.  This illustrates that spectral images arc not
adeqtate for mine. detection.

Itisvery important to point out that al] the mines had high polarization difference signals in comparison
with al] the other objects in the scene. The presentation of P] | [data in polarization difference format
scems to provide aclassification of targets with smooth surfaces from those without. This classification
was done without any detailed study of spectral propertics. Consequently, the result indicates that
polarization difference imaging is useful for targetdetection.  1'}11 systems with a limited data
processing capability can provide polarization difference images in real time.

5. CONCLUSION

We performed data analysis of afield observation of mines ina cluttered environment using an AOTH
PH I system. The results have illustrated that all mines in the scene had higher polarization difference
signals in green wavelengths than other man-made objccts and natural background. This classification
using polarization difference in the image format is a valuable tool for detection of targets with smooth
painted surfaces.
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Figure 1 Left:  Image of the iceplant field taken using an ordinary 35 mm camera.

Right: Sketch for locations of objects of interest in the iceplant field.

Dark areen round metallic mines (A and C), # green square plastic mine (d),

dark green round metallic mines (G and H), dark brown round metallic reifies (1 and J),.
cement blocks (B and E), white plei_i\ic pipe (F ), and halon plates (K and L). -7



